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© A manufacturing method of a mask-ROM of two- 
layered gate electrode structure is provided. With 
this method, a cell transistor having a first-layered 
gate is converted into the depletion type according 
to data to be stored in the following manner. That is, 
a first conductive layer (32) is insulatively formed 
over a semi-conductor substrate (10) of a first con- 
ductivity type, a silicon nitride film (36) is formed on 
the first conductive layer (32), a polysificon film (38) 
is formed on the silicon nitride film (36), the poly- 
silicon film (38) is patterned and then altered into a 
silicon oxide film (46) so as to increase its volume, 
and the silicon nitride film (36) is patterned with the 
silicon oxide film (46) used as a mask to form 
windows (48) for permitting impurity to be doped 
therethrough. Then, impurity (54) for converting cell 
transistors into the depletion type according to data 
to be stored is doped from the windows (48) into the 
substrate (10) through the first conductive layer (32). 
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MASK-ROM MANUFACTURING METHOD 



This invention relates to a mask-ROM manu- 
facturing method, and more particularly to the im- 
provement of a ROM-Implantation step for storing 
data. 

Conventionally, a mask-ROM is well known as 
one of nonvolatile semiconductor memory devices. 
The mask-ROM is a memory in which data can be 
stored by, for example, selectively ion-implanting 
impurity into the channel region of memory cell 
transistors using a mask alignment technique in the 
manufacturing process so as to selectively form 
depletion type cell transistors. For example, the 
mask-ROM constitutes a logic circuit such as an 
NAND circuit or NOR circuit according to data 
stored therein. 

Fig. 1 is a cross sectional view of a cell of a 
NAND type mask-ROM. The memory structure of 
the mask-ROM shown in Fig. 1 is called a two- 
layered gate electrode structure using two-layered 
polysilicon gates. 

As shown in Fig. 1, a field oxide film 102 is 
formed in the surface area of a p-type silicon 
substrate 100 for element isolation, for example. In 
the isolated element region, n-type source/drain 
diffusion layers 104A and 104B are formed. The 
diffusion layer 104A is electrically coupled to a low 
potential (GND/VSS), for example, and the diffusion 
layer 104B functions as a bit line and is electrically 
coupled to a high potential (VDD), for example. 
First-layered polysilicon gates 108A to 108N and 
second-layered polysilicon gates 11 OA to 110C are 
formed over that portion of the substrate area 
which lies between the diffusion layers 104A and 
104B with a gate oxide film 106 disposed there- 
between. The first-layered polysilicon gates 108A 
to 108N and second-layered polysilicon gates 11 OA 
to 110C serve as word lines WL1 to WLn. In the 
channel region below the first-layered polysilicon 
gates 108A to 108N, n-type diffusion layers 112 
(which are hereinafter referred to as short regions) 
are selectively formed by ion-implantation to selec- 
tively convert the cell transistors into the depletion 
type. Likewise, in the channel region below the 
second-layered polysilicon gates 11 OA to 110C, n- 
type diffusion layers 114 (which are referred to as 
short regions) are selectively formed by ion-im- 
plantation to selectively convert the cell transistors 
into the depletion type. 

The ion-implantation step for selectively con- 
verting the cell transistors into the depletion type is 
generally called a ROM-Implantation step, and in 
this specification, it is referred to as a ROM-Im- 
plantation step or simply a ROM-Implantation. 

Now, the integration density of the semicon- 
ductor device and semiconductor memory device 



is further enhanced and the size of the transistors 
and the like tends to become smaller. As a matter 
of course, the integration density in the mask-ROM 
is significantly enhanced and it is strongly required 

5 to reduce the size of the cell transistors. 

With the cell structure of two-layered gate elec- 
trode type shown in Fig. 1, a distance between the 
gates (word lines) can be reduced and it is prefer- 
able to enhance the integration density of the cell 

70 transistors since the second-layered gates 11 OA to 
110C are formed between the first-layered gates 
108Ato108N. 

However, particularly when a short region 112 
for converting the cell transistor having the first- 

;s layered gates 108A to 108N into the depletion type 
is formed, a problem of preventing the high in- 
tegration density which is explained below occurs. 

That is, since the short region 112 is formed 
below the first-layered gates 108A to 108N, the 

20 ROM-Implantation for forming the short region 112 
must be effected before the first-layered gates 
108Ato 108N are formed. 

Therefore, it becomes necessary to form the 
short region 112 larger than necessary so as to 

25 have a sufficiently large mask alignment margin so 
that the first-layered gates can be formed over the 
short region without fail. 

Fig. 2 is a view for explaining an obstacle to 
enhancement of the integration density and shows 

30 an enlarged portion Including the first- and second- 
layered gates. 

As shown in Fig. 2. the length of the short 
region 112 in the gate length direction is equal to 
the sum of the gate length L1 of the first-layered 

35 gate 108 and the mask alignment margins M1 
provided on both sides thereof. The mask align- 
ment marging must be approximately 20-30% of 
the minimum lithography dimensions according to 
the present lithography technology (in the case of 

AO Fig. 2, the gate length L1 of the first-layered gate 
108). if the object to be aligned is a diffusion layer 
such as the short region 112. the mask alignment 
margin M1 shown in the drawing is set to be 40 to 
50% (which range is larger than 20-30%), since 

45 due to process fluctuation, the region may expand 
by the diffusion of impurities and the dimensions of 
the resist pattern used as a mask may be different 
from the intended dimensions. 

As shown in Fig. 2, in the mask-ROM, the short 

so regions 112 may be formed adjacent to each other 
depending on data to be stored. Therefore, it be- 
comes necessary to separate the short regions 
from each other by a certain distance in order to 
prevent the depletion layers occurring around the 
short regions 112 from being made in contact with 
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each other. The distance to be separated is set to 
11 as shown in Fig. 2. 

As is understood from the above description, a 
distance 12 between the first-layered gates 108 can 
be so set that 12 = 11 + 2M1. Further, assuming that 
an insulation film 116 between the first-layered 
gate 108 and second-layered gate 110 is made 
sufficiently thin, then, 12 becomes substantially 
equal to the length L2 of the second-layered gate 
110. That is, in the cell structure of second-layered 
gate electrode type, L1«:L2. 

The explanation is made more concretely by 
using actual values. 

L1 is set to 0.7 am and 11 is set to 0.5 um. 
The substantial mask alignment margin M1 is set 
to approx. 40% of L1, that is, approx. 0.3 um. 

Therefore, the distance 12 between the first- 
layered gates is approx. 1.1 um. Further, if 12 is 
substantially equal to L2, L2 becomes longer than 
L1 by more than 50 %. 

Thus, in the mask-ROM having the cell struc- 
ture of two-layered gate electrode type, th& dis- 
tance 12 between the first-layered gates becomes 
larger because of its manufacturing method, there- 
by making it difficult to enhance the integration 
density. 

An object of this invention is to provide a 
mask-ROM manufacturing method capable of at- 
taining higher integration density. 

A mask-ROM manufacturing method compris- 
ing: a step (a) of insulatively forming a first conduc- 
tive layer on a semiconductor substrate of a first 
conductivity type; a step (b) of forming a first 
material film which is inactive on said first conduc- 
tive layer; a step (c) of forming a second material 
film which is active on said first material film; a 
step (d) of patterning said second material film; a 
step (e) of increasing the volume of said second 
material film by altering the material of said second 
material film patterned; a step (f) of patterning said 
first material film with said second material film 
having an increased volume as a mask and forming 
windows for doping first impurity in said first ma- 
terial film; a step (g) of selectively doping impurity 
of a second conductivity type from said first impu- 
rity doping window into said substrate through said 
first conductive layer; a step (h) of selectively alter- 
ing the material of the surface of said first conduc- 
tive layer with said patterned first material film 
used as a mask to selectively form a material 
altered region on the surface of said first conduc- 
tive layer; a step (i) of patterning said first conduc- 
tive layer with said material altered region used as 
a mask to form first-layered gates and form second 
impurity doping windows in said first conductive 
layer; a step (j) of selectively doping impurity of the 
second conductivity type from said second impu- 
rity doping window into said substrate; a step (k) of 



insulatively forming a second conductive layer over 
said first conductive layer and substrate; and a 
step (I) of patterning said second conductive layer 
to form second-layered gates. 

s According to the mask-ROM manufacturing 

method having the above steps, the first impurity 
doping window is formed by patterning the first 
material film with the second material film whose 
volume is increased in the step (f) used as a mask. 

io Then, impurity of the second conductivity type, that 
is, impurity for converting the cell transistor into the 
depletion type is doped from the first impurity 
doping window into the substrate through the first 
conductive layer. After this, the material of the 

75 surface of the first conductive layer is selectively 
altered with the first material film which is patterned 
in the step (h) used as a mask to form the material 
altered region on the surface of the first conductive 
layer, and then the first conductive layer is pat- 

20 temed with the material altered region used as a 
mask to form first-layered gates in the step (i). 

As described above, formation of the material 
altered region used as a mask for patterning the 
first-layered gate and the doping of Impurity for 

25 converting the cell transistor having the first-lay- 
ered gate into the depletion type can be effected 
by using the first material film having the same 
pattern as a mask. Therefore, the short region 
which lies below the first-layered gate and is used 

30 for converting the cell transistor into the depletion 
type can be formed without providing a mask align- 
ment margin for the first-layered gate. 

This invention can be more fully understood 
from the following detailed description when taken 

36 in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a cross sectional view of a cell of a 

NAND type mask-ROM of two-layered gate 

electrode structure; 
40 Fig. 2 is a view for explaining an obstruct to 

enhancement in the integration density of the 

conventional mask-ROM; 

Fig. 3 is a plan view of a cell of a NAND type 

mask-ROM manufactured by a manufacturing 
45 method according to one embodiment of this 

invention; 

Fig. 4 is a cross sectional view taken along the 
line 4-4 in Rg. 3; 

Fig. 5 is an enlarged view of a portion including 
so first- and second-layered gates of a mask-ROM 
manufactured by a manufacturing method ac- 
cording to one embodiment of this invention; 
Figs. 6A to 6P are cross sectional views show- 
ing enlarged portions each including the first- 
55 and second-layered gates of the mask-ROM 
shown in Rg. 4 in an order of the manufacturing 
process; 

Rg. 7A is a cross sectional view showing a case 
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wherein a photoresist is formed in deviated posi- 
tion in a step shown in Fig. 60; 
Fig. 7B is a cross sectional view of a structure 
obtained after an etching process is effected for 
the structure of Fig. 7A; 

Fig. 8A is a cross sectional view showing a first 
modification of the embodiment of this invention 
and corresponding to Fig. 6M; 
Fig. 8B is a cross sectional view showing a first 
modification of the embodiment of this invention 
and corresponding to Rg. 7M; and 
Fig. 9 is a cross sectional view showing a sec- 
ond modification of the embodiment of this in- 
vention and corresponding to Rg. 4. 
There will now be described an embodiment of 

this invention with reference to the accompanying 

drawings. 

Rg. 3 is a plan view of a cell of a NAND type 
mask-ROM manufactured by a manufacturing 
method according to one embodiment of this in- 
vention and Rg. 4 is a a cross sectional view taken 
along the line 4-4 of Rg. 3. 

As shown in Rgs. 3 and 4, the cell structure of 
a mask-ROM manufactured by a manufacturing 
method according to one embodiment of this in- 
vention basically corresponds to the cell structure 
of two-layered gate electrode type. For example, a 
field oxide film 12 is formed in the surface area of 
a p-type silicon substrate 10 for element isolation. 
In the isolated element region, n-type source/drain 
diffusion layers 14A and 14B are formed. The 
diffusion layer 14A is electrically coupled to a low 
potential (GNDWSS), for example, and the diffusion 
layer 14B functions as a bit line and is electrically 
coupled to a high potential (VDD), for example. 
Rrst-layered polysilicon gates 18A to 18N and 
second-layered polysilicon gates 20A to 20C are 
formed over that portion of the substrate area 
which lies between the diffusion layers 104A and 
104B with a gate oxide film 16 disposed there- 
between. The first-layered polysilicon gates 18A to 
18N and second-layered polysilicon gates 20A to 
20C serve as word lines WL1 to WLn. Irr the 
channel region below the first-layered polysilicon 
gates 18A to 18N, n-type short regions 22 are 
selectively formed by ion-implantation to selective- 
ly convert some of the cell transistors into the 
depletion type. Likewise, in the channel region be- 
low the second-layered polysilicon gates 20A to 
20C, n-type short regions 24 are selectively formed 
by ion-implantation to selectively convert some of 
the cell transistors into the depletion type. 

Fig. 5 is a diagram showing an enlarged por- 
tion including the first- and second-layered gates of 
a mask-ROM manufactured by a manufacturing 
method according to one embodiment of this in- 
vention. 

As shown in Rg. 5, the length of the short 



region 22 in the gate length direction is equal to 
the sum of the gate length L1 of the first-layered 
gate 18 and the extensions D1 due to diffusion of 
the short region 22 in the right and left directions. 

s The extensions due to the diffusion is approx. 0.1 
Km. A distance 11 is so set as to prevent the 
depletion layers occurring around the short regions 
12 from being made in contact with each other. 
A distance 12 between the first-layered gates 

io 18 is so set that 12 = 11 +2D1. Further, an insulation 
film 26 between the first-layered gate 18 and 
second-layered gate 20 can be made sufficiently 
thin in the manufacturing method according to the 
embodiment of this invention, and 12 becomes sub- 

75 stantiaily equal to the length L2 of the second- 
layered gate 20. 

The explanation is made more concretely by 
using actual values. 

L1 is set to 0.7 urn and 11 is set to 0.5 um. 

20 Assume that the extension of diffusion D1 is 0.1 
um. 

Therefore, the distance 12 between the first- 
layered gates is approx. 0.7 um. Further, since 12 
is substantially equal to 12, L2 becomes approxt- 

25 mately equal to L1. 

Next, a method for manufacturing the mask- 
ROM according to one embodiment of this inven- 
tion is explained with reference to Rgs. 6A to 6P. 
Figs. 6A to 6P are cross sectional views show- 

30 ing enlarged portions each including the first- and 
second-layered gates of the mask-ROM shown in 
Fig. 4 in an order of the manufacturing process. 

Rrst, as shown in Rg. 6A t a field oxide film 
(not shown, but in Rg. 4, it is denoted by a 

35 reference numeral 12) is formed on a p-type silicon 
substrate 10. Then, a first silicon oxide film 30 
which is used to form a gate insulation film of the 
first-layered gate is formed to a thickness of ap- 
prox. 150 A on the surface of the isolated element 

40 region by a thermal oxidation method, for example. 
After this, a first polysilicon film 32 which is used to 
form first-layered gates is formed to a thickness of 
approx. 4000 A on the entire surface of the semi- 
conductor structure by a CVD method, for exam- 

45 pie. Next, phosphorus is diffused into the first pohy- 
siGcon film 32 by using POCla, for example, to 
make the same conductive (n-type). Then, a sec- 
ond silicon oxide film 34 is formed to a thickness of 
approx. 200 A on the exposed surface of the poly- 

50 silicon film 32 by a thermal oxidation method, for 
example. After this, a silicon nitride film 36 is 
formed to a thickness of approx. 1500 A on the 
entire surface of the semiconductor structure by a 
CVD method, for example. In this case, the second 

55 oxide film 34 formed between the silicon nitride 
film 36 and the polysilicon film 32 is used as a pad 
film for making it easy to separate the silicon 
nitride film 36 from the polysilicon film 32. Next, a 
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second polysilicon film 38 is formed to a thickness 
of approx. 2000 A on the entire surface of the 
semiconductor structure by a CVD method, for 
example. 

After this, as shown in Fig. 6B, a photoresist 40 
is formed by coating on the entire surface of the 
semiconductor structure and openings 42 are 
formed in the photoresist 40 by a photo etching 
technique. The openings 42 correspond in position 
to the first-layered gates to be formed. The open- 
ing size R1 of the opening 42 may be the minimum 
size which can be obtained by the photo etching 
technique. Likewise, the pattern size r1 of the 
photoresist 40 may be the minimum size which can 
be obtained by the photo etching technique. 

Then, as shown in Fig. 6C, the polysilicon film 
38 is selectively etched by an RIE method, for 
example, with the photoresist 40 used as a mask to 
form openings 44 having an opening size R2. After 
this, the photoresist 40 is removed. 

At this time, the pattern size r2 of the poly- 
silicon film 38 is so set as to be approximately 
equal to r1. Further, the opening size R2 of the 
opening 44 is approximately equal to R1. 

Next, as shown in Fig. 6D, the polysilicon film 
38 lying on the silicon nitride film 36 is selectively 
and thermally oxidized with the silicon nitride film 
36 used as an oxidation barrier to alter the same 
into a silicon oxide film 46. When the polysilicon 
film 38 is altered into the silicon oxide film 46, the 
volume of the polysilicon film 38 is increased. As a 
result, the pattern size r3 of the silicon oxide film 
46 becomes larger than r2 and the opening size R3 
of the opening 44 becomes smaller than R1. 

Then, as shown in Fig. 6E, the silicon nitride 
film 36 is selectively etched by an RIE method, for 
example, with the silicon oxide film 46 used as a 
mask to form openings 48 having an opening size 
R4. The opening 48 is used as an impurity ion- 
implanting window for forming a short region below 
the first-layered gate. 

Next as shown in Fig. 6F, a photoresist 50 is 
coated on the entire surface of the semiconductor 
structure and openings 52 are formed in the 
photoresist by a photo etching technique. The 
opening 52 is selectively formed according to data 
to be stored. That is, the opening 52 is formed in 
position In which a cell transistor having the first- 
layered gate and converted into the depletion type 
is to be formed. Since the the ion-implantation 
window (opening 48) is already formed, the open- 
ing 52 may be formed simply to expose the win- 
dow used for the ion-implantation. That is, the 
photoresist 50 may be formed to cover the window 
(opening 48) which is not used for the ion-implanta- 
tion and the opening size R5 of the opening 52 
may be set to be larger than the opening size R4 
of the opening 48. Then, Phosphorus ions 54 which 



are n-type impurity, for example, are ion-implanted 
into the p-type substrate 10 through the polysilicon 
film 32 and the like with the photoresist 50 and the 
like used as a mask (first ROM-Implantation). 

5 In the drawing, a reference numeral 56 denotes 
a doped region of the substrate 10 into which 
phosphorus ions 54 are doped. 

Then, as shown in Rg. 6G, the photoresist 50 
and silicon oxide film 46 are removed. 

io Next, as shown in Fig. 6H, the exposed surface 
of the polysilicon film 32 is selectively and ther- 
mally oxidized to form a silicon oxide film 58 to a 
thickness of approx. 1000 A with the silicon nitride 
film 36 used as an oxidation barrier. 

75 After this, as shown In Fig. 61, the silicon nitride 
film 58 and silicon oxide film 34 are removed. 

Then, as shown in Fig. 6J, the polysilicon film 
32 is selectively etched by an RIE method, for 
example, to form a pattern of the first-layered gates 

20 18 with the silicon oxide film 58 used as a mask. 
An opening 60 having the gate-to-gate size R6 is 
formed between the first-layered gates 18. The 
gate-to-gate size R6 becomes approximately equal 
to dimension r2 of the silicon nitride film 36 

25 (dimension r2 is smaller than dimension r3 of the 
silicon oxide film 46) since the bird's beak 62 
extends as a result of the step shown in Fig. 6H. 

Next, as shown in Fig. 6K, a photoresist 64 is 
formed by coating on the entire surface of the 

30 semi-conductor structure and openings 66 are 
formed in the photoresist 64 by a photo etching 
technique. Like the opening 52 shown in Rg. 6F, 
the opening 66 is selectively formed according to 
data stored. The opening 66 is formed in position 

35 corresponding to a cell transistor which has a 
second-layered gate and is converted into the de- 
pletion type. Since the ion-implantation window 
(opening 60) is already formed, the opening 66 
may be formed simply to expose the window used 

40 for ion-implantation. That is. the photoresist 64 may 
be formed only to cover or close the window 
(opening 60) which is not used for ion-implantation 
and the opening size R7 of the opening 66 may be 
set to be larger than the opening size R6 of the 

45 opening 60. Then, arsenic ions 68 which are n-type 
impurity, for example, are ion-implanted into the p- 
type substrate 10 with the photoresist 64 and the 
like used as a mask (second ROM-Implantation). 
In the drawing, a reference numeral 70 denotes 

60 a doped region of the substrate 10 into which 
arsenic ions 68 are doped. 

Then, as shown in Fig. 6L, the photoresist 64 is 
removed. 

Next, as shown in Rg. 6M, the silicon oxide 
55 film 58 and silicon oxide film 30 are removed. At 
this time, the silicon oxide film 30 is removed with 
the firstlayered gate 18 used as a mask. As a 
result, that portion of the silicon oxide film 30 which 
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lies directly under the first-layered gate 18 is left 
behind and is used as the gate oxide film 16. 

Subsequently, as shown in Fig 6N, a silicon 
oxide film 72 is formed on the exposed portions of 
the substrate 10 and on the first-layered gate 18 by 
a thermal oxidation method, for example. This ther- 
mal oxidation is earned out such that the silicon 
oxide film 72 formed on the exposed substrate 
portions has a thickness of approximately 150 A. 
Since the silicon oxide film formed on the surface 
of the substrate 10 will be used as the gate oxide 
film of the second-layered gate, a reference nu- 
meral 16 is attached to the same in the drawing. 
Then, a third polysilicon film 74 which is used to 
form the second-layered gate is formed to a thick- 
ness of approx. 4000 A on the entire surface of the 
semiconductor structure by a CVD method, for 
example. After this, phosphorus is diffused into the 
third polysilicon film 72 by using POCIa, for exam- 
ple, to make the same conductive (n-type). 

Then, as shown in Fig. 60, a photoresist 76 is 
formed by coating on the entire surface of the 
semiconductor structure and openings 78 are 
formed in the photoresist 76 by a photo etching 
technique. The pattern of the photoresist 76 having 
the openings 78 formed therein corresponds to a 
pattern for forming the second-layered gate. The 
opening size R7 of the opening 78 may be the 
minimum size which can be obtained by the photo 
etching technique. Likewise, the pattern size r4 of 
the photoresist 76 may be the minimum size which 
can be obtained by the photo etching technique. 

Next, as shown in Fig. 6P, the polysilicon film 
74 is selectively etched by an RIE method, for 
example, to form a pattern corresponding to the 
second-layered gate 20 with the photoresist 76 
used as a mask. Then, for example, a heat treat- 
ment is effected to activate the phosphorus and 
arsenic ions in the doped regions 56 and 70 in the 
substrate 10 so as to form n-type short regions 22 
and 24. 

After this, although not shown in the drawing, 
an interlayer insulation film is formed, a preset 
wiring layer is formed and a protection film is 
formed to complete the mask-ROM manufactured 
by the manufacturing method according to one 
embodiment of this invention. 

According to the above manufacturing method, 
the opening 48 formed in the silicon nitride film 36 
is substantially equal to the pattern of the first- 
layered gate 18. The short region 22 for converting 
the cell transistor of the first-layered gate into the 
depletion type can be formed in self-alignment with 
the silicon nitride film 36 having the opening 48. 
Further, the short region 24 for converting the cell 
transistor of the second-layered gate into the de- 
pletion type can be formed in self-alignment with 
the pattern of the first-layered gate. As a result it is 



not necessary to provide a mask alignment margin 
for formation of the short regions 22 and 24. 

Therefore, a mask-ROM in which a distance 12 
between the first-layered gates is small as shown 

5 in Fig. 5 and which is suitable for high integration 
density can be manufactured. Further, since the 
distance 12 can be made smaller, it becomes 
possible to set the gate length L1 of the first- 
layered gate substantially equal to the second- 

to layered gate length L2. 

Next, a case wherein a mask misalignment has 
occurred at the time of patterning the second- 
layered gate is explained with reference to Figs. 7A 
and 7B. Fig. 7A is a cross sectional view showing 

;s the case wherein the photoresist is formed in de- 
viated position in the step of Fig. 60, and Fig. 7B is 
a cross sectional view of a structure obtained after 
an etching process is effected for the structure of 
Rg. 7A. In Figs. 7A and 7B, portions which are the 

20 same as those in Figs. 60 and 6P are denoted by 
the same reference numerals, and only different 
portions are explained. 

Assume that the mask misalignment has oc- 
curred in the step of Rg. 60. for example, and the 

25 pattern of the photoresist 76 is formed to partly 
cover a step portion as shown in Fig. 7A. Then, if 
the photoresist 76 which partly covers the step 
portion is used as a mask to selectively etch the 
polysilicon film 74, a pattern of the second-layered 

30 gate 20 shown in Rg. 7B can be obtained. 

In such a case, that portion of the polysilicon 
film 74 which is formed on the step portion is 
thicker than the remaining portion. Even if the mask 
for forming the second-layered gates 20 is misalig- 

35 ned but a little, it is only the thicker portion of the 
film 74 which is etched, never the thinner portion 
thereof formed between the first-layered gates 18. 
Hence, no offsets take place in the second-layered 
gates 20, even if the thicker portion of the film 74 

40 is etched in excess. As a result, the yield of the 
mask-ROM is not lowered. 

According to the invention, it is possible to 
form the first-layered gates 20 such that they have 
a width equal to the opening size R7 shown in Rg. 

45 60. If this is the case, the photoresist 76 overlaps 
the step portion of the second polysilicon film 74 
even if the mask Is misaligned, and no offsets 
occur in the second-layered gates 20. 

Moreover, according to the invention, when the 

50 pattern size r1 and the opening size R1, both 
shown in Rg. 6B, are of a minimum value which 
photolithography can give them, the width of the 
first-layered gates 18 and the distance between 
any two adjacent gates 18 are nearly equal to the 

55 minimum value. Similarly, when the pattern size r4 
and the opening size R7, both shown in Rg. 60, 
are of a minimum value that photolithography can 
give them, the width of the second-layered gates 
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20 and the distance between any two adjacent first- 
layered gates 18 are nearly equal to the minimum 
value. Not only the first-layered gate pattern, but 
also the second-layered ate pattern can have the 
minimum size. Hence, the photoresist 76 overlaps 
the step portion of the second polysilicon film 74 
even if the mask is misaligned, and no offsets 
occur in the second-layered gates 20. 

Next, a first modification of the above embodi- 
ment is explained with reference to Figs. 8A and 
8B. 

Rg. 8A is a cross sectional view corresponding 
to Fig. 6M and Fig. 8B is a cross sectional view 
corresponding to Rg. 6N. 

As shown in Rg. 8A, it is not always necessary 
to completely remove the silicon oxide film 58 in 
the above embodiment and it is possible to leave 
the silicon oxide film 58 on the first-layered gate 
18. Then, the exposed surface of the polysilicon of 
the first-layered gate 18 is subjected to a thermal 
oxidation process, for example, to form the silicon 
oxide film 72. Next, as shown in Rg. 8B, a third- 
layered polysilicon film 74 which is used for for- 
ming second-layered gates is formed on the entire 
surface of the semiconductor structure. 

As described above, the silicon oxide film 58 
may be left on the first-layered gate 18. 

Next, a second modification is explained. 

In the above embodiment, the first-layered gate 
18 and second-layered gate 20 are formed of poly- 
silicon, but they can be formed of refractory metal 
silicide such as molybdenum-silicide or tungsten- 
silicide. In this case, a silicide film may be formed 
Instead of the first polysificon film 32 in the step 
shown in Rg. 6A and a silicide film may be formed 
instead of the third polysilicon film 74 in the step 
shown in Rg. 6N. Further, as shown in Rg. 9, each 
of the first-layered gate 18 and second-layered 
gate 20 can be formed of a laminated film of a 
polysilicon film 80 and a silicide film 82. In this 
case, the polysilicon film 80 is formed instead of 
the first polysilicon film 32 in the step shown in Rg. 
6A and then the silicide film 82 is formed. Further, 
the polysilicon film 80 may be formed instead of 
the third polysilicon film 74 in the step shown in 
Rg. 6N and then the silicide film 82 may be 
formed. 

Rg. 9 is a cross sectional view corresponding 
to Rg. 4, and portions which are the same as those 
in Rg. 4 are denoted by the same reference nu- 
merals. 



Claims 

1. A mask-ROM manufacturing method character- 
ized by comprising: 

a step (a) of insulatively forming a first conduc- 



tive layer on a semiconductor substrate, of a first 
conductivity type; 

a step (b) of forming a first material film which is 
inactive on said first conductive layer; 
5 a step (c) of forming a second material film 
which is active on said first material film; 
a step (d) of patterning said second material 
film; 

a step (e) of increasing the volume of said 

70 second material film by altering the material of 
said second material film patterned; 
a step (f) of patterning said first material film 
with said second material film having an in- 
creased volume as a mask and forming windows 

T5 for doping first Impurity in said first material film; 
a step (g) of selectively doping impurity of a 
second conductivity type from said first impurity 
doping window into said substrate through said 
first conductive layer; 

20 a step (h) of selectively altering the material of 
the surface of said first conductive layer with 
said patterned first material film used as a mask 
to selectively form a material altered region on 
the surface of said first conductive layer; 

25 a step (i) of patterning said first conductive layer 
with said material altered region used as a mask 
to form first-layered gates and form second im- 
purity doping windows in said first conductive 
layer; 

30 a step 0) of selectively doping impurity of the 
second conductivity type from said second im- 
purity doping window into said substrate; 
a step (k) of insulatively forming a second con- 
ductive layer over said first conductive layer and 

35 substrate; and 

a step (I) of patterning said second conductive 
layer to form second-layered gates. 

2. A manufacturing method according to claim 1, 
characterized in that said first material film is a 

40 difficult-to-oxidize material film. 

3. A manufacturing method according to claim 2, 
characterized in that said a difficu)t-to-oxidized ma- 
terial film is a silicon nitride film. 

4. A manufacturing method according to claim 1* 
45 characterized in that said second material film is an 

easily-oxidizable material film. 

5. A manufacturing method according to claim 4, 
characterized in that said easily-oxidizable material 
film Is formed of polysilicon. • 

60 6. A manufacturing method according to claim 1, 
characterized in that said step (e) is an oxidizing 
step. 

7. A manufacturing method according to claim 1, 
characterized in that said first conductive layer is 

55 formed of polysilicon. 

8. A manufacturing method according to claim 1, 
characterized In that said first conductive layer is 
formed of silicide. 
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9. A manufacturing method according to claim 1, 
characterized in that said first conductive layer is 
formed of a laminated structure of films formed of 
polysilicon and silicide. 

10. A manufacturing method according to claim 1, 5 
characterized in that said second conductive layer 

is formed of polysilicon. 

11. A manufacturing method according to claim 2, 
characterized in that said second conductive layer 

is formed of silicide. 10 

12. A manufacturing method according to claim 1, 
characterized in that said second conductive layer 
is formed of a laminated structure of films formed 
of polysilicon and silicide. 

13. A manufacturing method according to claim 1, is 
characterized in that said step (g) is effected by 
selectively closing said first impurity doping win- 
dows with a photoresist and selectively doping 
impurity of the second conductivity type from the 
window which is not closed into said substrate 20 
through said first conductive layer. 

14. A manufacturing method according to claim 1, 
characterized in that said step (j) is effected by 
selectively closing said second impurity doping 
windows with a photoresist and selectively doping 25 
impurity of the second conductivity type from the 
window which is not closed into said substrate. 

15. A manufacturing method according to claim 1, 
characterized in that said step (h) is an oxidizing 
step. 30 

16. A manufacturing method according to claim 1, 
characterized by further comprising a step (m) of 
forming a third material film on said first conductive 
layer, said step (m) being effected between said 
steps (a) and (b). 35 

17. A manufacturing method according to claim 16, 
characterized in that said third material film is a 
film used for making it easy to remove said first 
material film from said first conductive layer. 

18. A manufacturing method according to claim 16, 40 
characterized in that said third material film Is a 
silicon oxide film. 
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